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Abstract
Background: Meat protein in the diet has been shown to be beneficial for the growth of Lactobacillus in the
caecum of growing rats; however, it is unknown whether gut microbiota in middle-aged animals have the same
responses to meat protein diets. This study compared the composition of the gut microbiota between young and
middle-aged rats after being fed 17.7% chicken protein diet for 14 days.
Methods: Feces were collected on day 0 and day 14 from young rats (4 weeks old) and middle-aged rats
(64 weeks old) fed with 17.7% chicken protein diets. The composition of the gut bacteria was analyzed by
sequencing the V4-V5 region of the 16S ribosomal RNA gene.
Results: The results showed that the composition of the gut microbiota was significantly different between young
and middle-aged rats on both day 0 and day 14. The percentage of Firmicutes decreased for middle-aged
rats (72.1% versus 58.1% for day 0 and day 14, respectively) but increased for young rats (41.5 versus 57.7%
for day 0 and day 14, respectively). The percentage of Bacteroidetes increased to 31.2% (20.5% on day 0) for
middle-aged rats and decreased to 29.6% (41.3% on day 0) for young rats. The relative abundance of the
beneficial genus Lactobacillus increased in response to the intake of chicken protein in the young group,
while it had the opposite effect in the middle-aged group.
Conclusion: The results of our study demonstrated that 17.7% chicken protein diet promoted the beneficial
genus Lactobacillus in young rats, but the opposite effect were found in the middle-aged group. To evaluate
the linkage between diet and host health, age effect should be considered in the future studies.
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Background
Gut bacteria have been shown to play a critical role in
multiple physiological changes of the host related to
metabolic disorders, immunity, brain development and
many other aspects [1]. A lot of factors, including the
diet and the age of host, can affect the composition of
gut bacteria and subsequently host health.
In human and model animal studies, aging-related
physiological changes in the gastrointestinal tract, e.g.,
inflammation and immunosenescence have been shown
associated with the composition of gut microbiota [2–5].
Immunosenescence, a dysregulation of the immune sys-
tem with age, may be related to antigen load from gut
microbiota and affect the homeostatic balance of the gut
microbiota [6]. In many cases, meat dish is one of the
main courses for consumers over a large age span from
the young to the adult and even to the elderly because
meat is believed to be a good source of high-quality
protein and other nutrients [7]. However, epidemiological
studies have shown that human bodies may give different
responses to meat intake with age [8, 9], and its under-
lying mechanism needs further study. Human nutrition
studies are sometimes difficult to realize because of
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complex individual variations in background gut bacteria,
behavior control and high cost, and model animal studies
are the good choices and have been widely used. In a
model animal study, we found that the intake of meat
protein, especially chicken protein, may promote the
growth of the beneficial genus Lactobacillus and maintain
a more balanced composition of gut bacteria in growing
rats as compared to soy protein diet [10]. However, it is
still less known whether intake of chicken protein has the
same impact on gut bacteria of middle-aged rats. The
present study compared the composition of fecal micro-
biota between young and middle-aged rats after being fed
chicken protein diet, and investigated whether intake of
chicken protein (17.7% in diet) had the similar effective-
ness to promote growth of beneficial gut bacteria in
middle-aged rats to that in growing rats.
Methods
Animals and diets
A total of 15 male Sprague-Dawley rats were used,
including eight growing rats (4 weeks old) from the
Zhejiang Experimental Animal Center (Zhejiang, China,
SCXK9<Zhejiang>2008-00), and seven middle age rats
(64 weeks old) from the Academy of Military Medical
Sciences Experimental Animal Center (Beijing, China,
SCXK<Jun>2012-0004). The animal age phases were eva-
luated according to Flurkey, Currer and Harrison (2007)
[11]. These two centers have the similar facility and qual-
ity control systems approved by the Bureau of Quality and
Technical Supervision, P.R. China and the rats from the
centers have the same backgrounds. In this case, the dif-
ferences between the two centers were minimized. The
rats were reared in a specific pathogen-free (SPF) animal
center (SYXK<Jiangsu>2011-0037). The Ethical Commit-
tee of the Experimental Animal Center of Nanjing Agri-
cultural University approved the experimental protocol.
All rats were acclimatized for 7 days (fed with 17.7%
casein chow diet) with a new environment that had a 12 h
light-dark cycle and constant temperature and humidity
(20.0 ± 0.5 °C, 60 ± 10%). After acclimatization, all rats
were fed the formulated chicken protein diet. The animals
were individually housed in plastic cages and given water
and diet ad libitum.
Animal diets were formulated according to the rec-
ommendation of the American Institute of Nutrition
(AIN-93G) [12]. The diets were composed of chicken pro-
tein powder (19.2%), cornstarch (39.75%), dextrinized
cornstarch (13.2%), sucrose (10%), soybean oil (7%), fiber
(5%), mineral mix (3.5%), vitamin mix (1%), choline bitar-
trate (0.25%), tert-butylhydroquinone (0.0014%) and mois-
ture (18.2%). Protein powder was extracted from chicken
pectoralis major muscle as previously described [10], and
the protein percent was 92.4%.
Sample collection
Feces were collected from growing and middle-aged rats
on day 0 and day 14. All fecal samples were immediately
frozen in liquid nitrogen and then transferred to −80 °C
for analyses of gut bacteria composition.
Bacterial community analyses and Bioinformatics
DNA was extracted using the QIAamp DNA Stool Mini
Kit (NO.51504, Qiagen, Germany) according to the manu-
facturer’s protocol. The V4-V5 region of the 16S rRNA
gene was selected for amplification from DNA samples.
The universal primers used were F515 (5′-GTGCCAG
CMGCCGCGG-3′) and R907 (5′-CCGTCAATTCMTTT
RAGTTT-3′) which also carried an eight-base unique
sequence (so-called barcode) for each sample. PCR reac-
tions were run and amplicons were sequenced as previ-
ously described [10].
Bioinformatics analysis was referred to our previous
study [10]. Raw fastq files were demultiplexed and quality-
filtered using QIIME (version 1.17). Briefly, the 250 bp
reads were truncated at any site receiving an average
quality score <20 over a 10 bp sliding window. The trun-
cated reads shorter than 50 bp were removed. Exact
barcode matching was defined with not more than 2 bp
mismatching with primer. Reads containing ambiguous
characters were removed. The sequences that overlap
longer than 10 bp were assembled according to their
overlap sequence. Reads that could not be assembled
were discarded. Operational Taxonomic Units (OTUs)
were clustered with 97% similarity cutoff using UPARSE
(version 7.1 http://drive5.com/uparse/) and chimeric se-
quences were identified and removed using UCHIME.
The phylogenetic affiliation of each 16S rRNA gene
sequence was analyzed by RDP Classifier (http://rdp.cme.
msu.edu/) against the silva (SSU119) 16S rRNA database
using confidence threshold of 70%. Rarefaction analysis and
alpha diversity were performed using Mothur. Community
diversity was evaluated by Shannon index and Simpson
index. Community richness was evaluated by Chao and
ACE. The heatmap was preformed by the R package (R
3.0.2).
Statistical analysis
Differences in the relative abundance of fecal microbiota
on the phylum and genus levels between two groups at
two time points were evaluated by factorial analysis of
variance (ANOVA). Means were compared by Duncan’s
multiple comparison under the SAS system (version 9.2).
Significance was set below 0.05 for all statistical analyses.
LEfSe analysis was performed (http://huttenhower.
sph.harvard.edu/galaxy/) to find the the differences be-
tween two or more biological conditions (or classes) [13].
The differences in features were identified at the OTU
level. The LEfSe analysis conditions were as follows: 1)
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alpha value for the factorial Kruskal-Wallis test among
classes was less than 0.05; 2) alpha value for the pairwise
Wilcoxon test among subclasses was less than 0.05; 3) the
threshold on the logarithmic LDA score for discriminative
features was less than 2.0; 4) multi-class analysis was
set as all-against-all.
Results
Richness and diversity of gut microbiota
There were 871,264 usable raw reads and 9955 species-
level operation taxonomy units (OTUs) from all 30 sam-
ples. The averages were 29,042 ± 4456 reads and 332 ± 52
OTUs per biological sample (Fig. 1a & b). There was no
significant difference in the number of usable raw reads
between the diet and age groups (p > 0.05). On day 0, the
numbers of OTUs did not differ (p > 0.05) between the
young and middle-aged groups; however, the middle-aged
group had fewer OTUs than the young group on day 14
(p < 0.05). Although the Rarefaction curves did not reach
a stable state (Fig. 1c), the Shannon-Wiener diversity esti-
mates from all the samples became stable (Fig. 1d), indi-
cating that microbial diversity did not change too much
during growth. No significant differences (p > 0.05) existed
between the young and middle-aged groups at the two
time points in ACE, Chao, Shannon, Simpson and Good’s
coverage indices for gut bacteria (see in Additional file 1:
Table S1).
Overall profiling of gut microbiota
Multivariate analyses were performed to discriminate
fecal samples of gut bacteria for OTU. Principal compo-
nent analysis (PCA) showed age-dependent structural
rearrangement and a substantial inter- and intra- variation
of gut bacteria as a response to diet shift (Fig. 2). The
composition of gut bacteria showed differences be-
tween young and middle-aged rat samples at two time
points. Diet changes resulted in a greater alteration in the
composition of gut bacteria for the middle-aged rats;
however, it was less pronounced in the young rats.
Composition of gut microbiota
At the phylum level, Firmicutes and Bacteroidetes were
the two predominant phyla (Fig. 3a and Table 1). On
day 0, Firmicutes accounted for 72.1% ± 11.6% of the
total abundance of gut bacteria, while 20.5% ± 12.0%
for Bacteroidetes in the middle-aged group. For young
rats, the relative abundances of Firmicutes and Bacteroi-
detes were 41.5% ± 7.9% and 41.3% ± 8.1%, respectively.
On day 14, the percentage of Firmicutes decreased to
Fig. 1 Diversity estimation of gut bacteria in rat feces. a Average number of usable raw reads (bars represent standard deviations); b Average
number of OTUs at the 97% similarity level (bars represent standard deviations); c Rarefaction curves at the 97% similarity level. Each curve
represents one biological sample; d Shannon–Wiener diversity index curves at the 97% similarity level. Each curve represents one
biological sample
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58.1% ± 18% for the middle-aged rats and increased to
57.7% ± 21.1% for young rats (p < 0.01). However, the
percentage of Bacteroidetes increased to 31.2% (20.5% on
day 0, p > 0.05) for the middle-aged rats and decreased to
29.6% for the young rats (41.3% on day 0, p > 0.05). This
indicated that the baselines of the phyla Firmicutes and
Bacteroidetes were quite different and they had opposite
responses to the intake of chicken protein. In addition,
the young group had higher relative abundances of Fuso-
bacteria compared with the middle-aged group at the two
time points (p < 0.05, 10.6% versus 0.064% on day 0, and
9.8% versus 0.006% on day 14). Chicken protein intake
induced a greater increase in the relative abundance of
Spirochaetae in the young group (p < 0.05, 0.12% at the
baseline versus 4.84% on day 14); however, there was no
influence on the middle-aged group (p > 0.05, 0.002% on
day 0 versus 0.001% on day 14).
At the genus level, the composition of gut bacteria
was significantly different between the young and middle-
aged groups in response to diet and age (Fig. 3b and Table
2). On day 0, the middle-aged group had higher relative
abundances of Lactobacillus, S24_7 norank and RF9 nor-
ank, and lower relative abundances of Fusobacterium,
Alloprevotella, Prevotellaceae uncultured, Peptostreptococ-
caceae incertaes, Roseburia, Treponema, Anaerobiospiril-
lum, Anaerotruncus and Quinella compared with the
young rat group. The relative abundance of Bacteroides
(11.9% for the young group and 0.43% for the middle-aged
group) was lower in the middle-aged group (p < 0.001). On
day 14, the relative abundance of Bacteroides was increased
to 7.0% in the middle-aged group (p < 0.05) and decreased
to 8.0% in the young group. However, the relative abun-
dance of Lactobacillus was the opposite, which signifi-
cantly decreased in the middle-aged group (p < 0.001,
40.9% on day 0 versus 6.21% on day 14) and increased in
the young group (7.0% on day 0 versus 28.5% on day 14).
The middle-aged group had a higher abundance of Phas-
colarctobacterium (p < 0.001, 0.001 and 12.2% on days 0
and 14, respectively) after being fed chicken protein. How-
ever, no significant change occurred in the young group
(p > 0.05, 2.1 and 0.67% for days 0 and 14, respectively).
Chicken protein diet decreased the relative abundance of
Blautia in both young and middle-aged rats.
Specific phylotypes varying with age and diet
PCA and ANOVA test revealed changes in the compo-
sition of gut microbiota in response to age and diet.
To identify specific phylotypes for age and diet, linear
discriminant analysis effect size (LEfSe) was performed on
the OTU level with a relative abundance that was at least
more than 1% in one group.
Age effect
At baseline (day 0), 34 OTUs were significantly different
between the young and middle-aged groups (Fig. 4a,
Additional file 1: Table S2). The relative abundances of
15 OTUs were higher in the middle-aged group, in-
cluding the genus Lactobacillus (OTU32, OTU344,
OTU504, OTU346 and OTU418), S24-7 norank
(OTU295, OTU662, OTU313 and OTU852) and Blautia
(OTU420, OTU355 and OTU790). However, 19 OTUs
were more abundant in the young group, including the
genus Bacteroides (OTU882, OTU723 and OTU789)
and Fusobacterium (OTU 689 and OTU626).
On day 14, 28 OTUs were significantly different be-
tween the middle-aged and young groups (p < 0.05, Fig. 4b,
Additional file 1: Table S3). Thirteen OTUs had higher
relative abundances in the middle-aged group, including
the genera S24-7 norank, Lactobacillus and Blautia. The
other 15 OTUs were highly abundant in the young group,
including the genera Fusobacterium, Alloprevotella, and
Prevotellaceae_uncultured.
Fig. 2 OTU principal component analysis of gut bacteria
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Diet effect
For the young rats, only 6 OTUs showed significant re-
sponses to diet (Fig. 5a, Additional file 1: Table S4). The
relative abundances of three OTUs increased with the
diet shift, including the genera Lactobacillus (OTU504
and OTU346) and Ruminococcus (OTU24). The other
three OTUs showed negative responses to the diet shift,
including the genera Bacteroides (OTU723), Phascolarcto-
bacterium (OTU457), and Anaerobiospirillum (OTU338).
For the middle-aged rats, 27 OTUs had positive or
negative responses to the diet change (Fig. 5b, Additional
file 1: Table S5). Thirteen of them were positive, including
the genus Bacteroides (OTU779, OTU765, OTU200) and
several other genera. Eighteen were negative, including
the genera Lactobacillus (OTU504, OTU32, OTU418 and
OTU346), S24-7 norank (OTU852, OTU662, OTU295)
and Blautia (OTU355, OTU420, OTU790).
Discussion
The ratio of the phylum Firmicutes to the phylum Bac-
teroidetes could be associated with obesity [14]. This
ratio showed a positive response to diet change from
normal chow (17.7% casein diet) to formulated chicken
protein diet for the young group, but a negative response
was observed for the middle-aged rats. However, none of
rats showed obese characteristics. This could be attributed
to two aspects: (1) chicken protein in the diet may down
regulate lipid metabolism pathway in liver [15]; (2) it is
specific bacteria strains but not the phyla that contribute
to obesity and other physiological responses [16]. For ex-
ample, the Lactobacillus gasseri strain has an anti-obesity
effect in overweight and obese people [14]. Moreover,
some studies even showed lower ratios of the phylum
Firmicutes to the phylum Bacteroidetes in obese indivi-
duals [17, 18]. Lactobacilli have the ability to convert
lactose and other sugars into lactic acid and have been
used to treat and prevent diarrhea [19]. In addition, Lacto-
bacillus plays an important role in host health and im-
mune function due to their potential to inhibit the growth
of pathogens and to prevent intestinal disorders [20].
Therefore, the intake of chicken protein might decrease
the functions of Lactobacillus in middle-aged rats. How-
ever, other aspects should be considered. For example,
serum lipopolysaccharide binding protein is usually con-
sidered a biomarker for an inflammatory response and an
antigen load to the host [21]. This needs to be further
studied.
Bacteroides have genes encoding hydrolases of soluble
polysaccharides and have the capability of utilizing various
substrates [22, 23]. Firmicutes typically carry fewer genes
for polysaccharide degradation [24]. However, a previous
fermentation study showed that human gut bacteria could
degrade insoluble starch particles and wheat bran, and
these bacteria belonged to the phylum Firmicutes but not
the phylum Bacteroides [23]. The species Ruminococcus
bromii, in the phylum Firmicutes, plays a key role in the
degradation of resistant starch [25]. In fact, the genes
encoding hydrolases for polysaccharide degradation in
Firmicutes were less studied than those in Bacteroides.
Therefore, it is difficult to associate the relative abundance
of phylotypes in the genus Bacteroides with the level of
polysaccharide degradation. It needs further study.
Changes in the composition of gut microbiota could
be one of age-related physiological processes. Previous
studies showed that a high similarity of the gut bacterial
community in the elderly to that of younger adults indi-
cated a high probability for the elderly to be relatively
healthy [26]. However, it could be more important for
the host to have the ability to establish a new balance for
Fig. 3 Relative abundances of gut bacteria by phylum and genus.
a Phylum; b Genus
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Fig. 4 Specific phylotypes of gut bacteria in response to age using LEfSe. a Day 0; b Day 14. The left histogram shows the LDA scores
computed for features at the OTU level. The right heatmap shows the relative abundance of OTU (log 10 transformed). Each column
represents one animal and each row represents the OTU corresponding to left one. The color intensity scale showed the relative abundance of
OTU (log 10 transformed), yellow denotes an high relative abundance of OTU while black denotes a low relative abundance of OTU
Table 1 Relative abundance of primary phyla in rat feces
Young-0d Middle-aged-0d Young-14d Middle-aged-14d
Firmicutes 41.48% ± 7.88% 72.07% ± 11.60% 57.66% ± 21.12% 58.11% ± 17.99%
Bacteroidetes 41.28% ± 8.10% 20.47% ± 12.04% 29.61% ± 15.15% 31.18% ± 19.54%
Fusobacteria 10.58% ± 9.84% 0.01% ± 0.01% 5.25% ± 3.72% 0.06% ± 0.16%
Tenericutes 0.61% ± 1.01% 5.85% ± 6.13% 0.25% ± 0.34% 7.99% ± 9.27%
Proteobacteria 3.27% ± 4.12% 1.31% ± 1.45% 0.60% ± 0.40% 2.09% ± 2.00%
Spirochaetae 1.21% ± 0.88% 0.00% ± 0.00% 4.84% ± 5.64% 0.00% ± 0.00%
Other 1.58% ± 1.19% 0.28% ± 0.36% 1.80% ± 2.66% 0.57% ± 0.53%
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Fig. 5 Specific phylotypes of gut bacteria in response to diet shift using LEfSe. a Young group; b Middle-aged group. The left histogram shows
the LDA scores computed for features at the OTU level. The right heatmap shows the relative abundance of OTU (log 10 transformed). Each column
represents one animal and each row represents the OTU corresponding to left one. The color intensity scale showed the relative abundance of OTU
(log 10 transformed), yellow denotes an high relative abundance of OTU while black denotes a low relative abundance of OTU
Table 2 Relative abundance of primary genera in rat feces
Young-0d Middle-aged-0d Young-14d Middle-aged-14d
Lactobacillus 7.0% ± 8.1% 40.9% ± 14.3% 28.5% ± 24.8% 6.2% ± 10.0%
S24-7_norank 10.7% ± 4.3% 17.6% ± 8.7% 5.1% ± 4.1% 22.9% ± 19.3%
Ruminococcaceae_uncultured 8.9% ± 5.1% 9.9% ± 6.3% 9.6% ± 10.7% 16.3% ± 6.9%
Bacteroides 11.9% ± 6.0% 0.4% ± 0.6% 8.0% ± 4.6% 7.0% ± 4.5%
Prevotellaceae_uncultured 7.6% ± 3.1% 1.1% ± 1.1% 6.3% ± 6.5% 0.0% ± 0.1%
Fusobacterium 10.6% ± 9.8% 0.0% ± 0.0% 5.2% ± 3.7% 0.1% ± 0.2%
Blautia 1.4% ± 2.2% 12.7% ± 12.0% 0.9% ± 0.7% 1.4% ± 1.1%
Alloprevotella 8.0% ± 6.5% 0.1% ± 0.1% 6.2% ± 5.7% 0.4% ± 0.8%
Phascolarctobacterium 2.1% ± 1.0% 0.0% ± 0.0% 0.7% ± 0.6% 12.2% ± 7.5%
RF9_norank 0.6% ± 1.0% 5.8% ± 6.1% 0.2% ± 0.3% 8.0% ± 9.3%
Lachnospiraceae_unclassified 4.0% ± 2.5% 0.6% ± 0.4% 1.8% ± 1.2% 2.8% ± 2.5%
Escherichia-Shigella 1.4% ± 3.8% 0.8% ± 1.3% 0.0% ± 0.1% 1.3% ± 1.9%
Peptostreptococcaceae_incertae_sedis 2.9% ± 3.8% 1.1% ± 0.8% 3.1% ± 4.0% 0.2% ± 0.2%
Treponema 1.2% ± 0.9% 0.0% ± 0.0% 4.8% ± 5.6% 0.0% ± 0.0%
Ruminococcaceae_unclassified 1.6% ± 1.2% 1.0% ± 0.4% 0.8% ± 0.5% 3.3% ± 3.2%
Ruminococcus 1.7% ± 1.8% 0.4% ± 0.3% 2.0% ± 2.0% 1.9% ± 1.0%
Defluviitaleaceae_uncultured 1.8% ± 1.7% 0.0% ± 0.0% 0.9% ± 0.4% 1.1% ± 0.7%
Allobaculum 0.6% ± 0.2% 0.0% ± 0.0% 0.7% ± 1.2% 1.1% ± 1.4%
Other 0.0% ± 5.4% 0.0% ± 1.5% 0.0% ± 5.2% 0.0% ± 6.5%
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the age-related bacteria. In the study, gut microbiota
showed different responses to the intake of chicken pro-
tein between young and middle-aged rats. A formulated
chicken protein diet (protein content: 17.8%) caused a
reduction in the phylum Firmicutes and an increase in
the Bacteroides for middle-aged rats, with the opposite
results for young rats. In addition, the relative abundance
of the genus Lactobacillus increased for young rats after
they were fed chicken protein for 14 days, which may
reduce the antigen load and inflammatory response from
gut bacteria to the host. However, the abundance of the
genus Lactobacillus decreased in middle-aged rats, which
may affect host health.
Finally, the capacities of protein digestion and absorp-
tion in the small intestine may different between young
and middle ages [27]. This would cause more undigested
or unabsorbed dietary proteins to enter into the large
intestine and alter the gut bacteria composition.
Conclusion
Our results showed that gut microbiota could be changed
by 17.7% chicken protein diet and the effects were signi-
ficantly different between middle-aged and young rats.
Chicken protein intake promoted the beneficial genus
Lactobacillus in young rats, but an opposite effect was ob-
served in the middle-aged group. The association between
meat protein intake and gut microbiota in middle-aged
rats needs to be further studied. Meanwhile, to evaluate
the association between diet and host health, age effect
should be considered in future studies.
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